Background--Current statin use and symptoms among older adults in routine community practice have not been well characterized since the release of the
S
tatins have proved beneficial for the prevention of cardiovascular disease in adults, [1] [2] [3] but patients >75 years have been underrepresented in randomized controlled trials. 4, 5 In addition, concerns have been raised about the adverse effects of statins and polypharmacy as a reason not to treat older patients as aggressively as younger patients. 1, 6 Although data are mixed for primary prevention after the age of 75 years, 7 studies in older patients with atherosclerotic cardiovascular disease (ASCVD) suggest no attenuation of benefit. The 2013 American College of Cardiology (ACC)/American Heart Association (AHA) Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults acknowledges the limitations of existing data on older individuals and recommends individualizing the decision to initiate statins for primary prevention in adults >75 years. 1 For secondary prevention, 3 trials found that high-intensity statin therapy reduced cardiovascular events more than moderate-intensity statin therapy, but these trials enrolled few patients >75 years and none >80 years [8] [9] [10] ; however, there was sufficient evidence for moderate-intensity statin therapy in secondary prevention patients of any age. 11 The most recent
US Preventive Services Task Force Recommendation Statement on Statin Use for the Primary Prevention of
Cardiovascular Disease similarly avoids firm recommendations about statins for older adult patients (>75 years old), as do the European Society of Cardiology/European Atherosclerosis Society guidelines for the management of dyslipidemias in patients >80 years old, with insufficient evidence to make a recommendation in this population. 12, 13 Our study was designed to evaluate patterns of statin use and symptoms in older adults in contemporary community practice. Using the Patient and Provider Assessment of Lipid Management (PALM) registry, we determined whether adults aged >75 were (1) less likely to be treated with a statin, (2) less likely to be treated with a high-intensity statin, or (3) more likely to have patient-reported symptoms than their younger counterparts.
Methods Data Description and Outcomes of Interest: PALM Registry
The PALM registry is composed of 7736 patients with ASCVD or at high risk for ASCVD from 138 cardiology, primary care, and endocrinology practices nationwide.
14 As described previously, 14 data were collected cross-sectionally at enrollment and included patient demographic and socioeconomic characteristics, comorbidities, medical history, core laboratory lipid panels, patient experiences, and beliefs about lipidlowering therapy from patient surveys and provider characteristics. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. All study participants provided informed consent, and all sites obtained institutional review board approval for participation. For this analysis, patients ≤75 years were included if they would have met a recommendation for high-or moderateintensity statin therapy under the most recent ACC/AHA cholesterol guideline, and patients >75 years old were included if they would have met an indication for statin therapy independent of their chronologic age. 1 Patients qualified for high-intensity statin therapy for purposes of secondary prevention if they had a history of clinical ASCVD.
Patients were classified as having ASCVD if they had prior myocardial infarction, coronary artery disease, coronary artery bypass grafting, percutaneous coronary intervention, stroke/ transient ischemic attack, abdominal aortic aneurysm, peripheral arterial disease, carotid artery stenosis, or noncoronary arterial revascularization. Patients qualified for high-intensity statin therapy for primary prevention if they had the following: (1) low-density lipoprotein cholesterol ≥190 mg/dL or (2) diabetes mellitus with a 10-year ASCVD risk ≥7.5%.
Patients qualified for at least moderate-intensity statin therapy if they had no indication for high-intensity statin and one of the following: (1) diabetes mellitus with a 10-year ASCVD risk <7.5% or (2) 10-year ASCVD risk ≥7.5% on the basis of the pooled cohort risk equation and no diabetes mellitus. Because the 10-year risk calculator is meant to be used for those 40 to 79 years old, we calculated risk for those ≥80 years as if they were 79 years, which represents the minimum risk for these adults given increased risk with age. Any statin and high-intensity statin therapy were considered outcomes of interest. Statin intensity was defined on the basis of the daily dose at the time of enrollment using the previously defined 2013 ACC/AHA cholesterol guideline schema.
1 Highintensity statin therapy was defined as atorvastatin ≥40 mg or rosuvastatin ≥20 mg daily. Covariates included patient demographics and socioeconomic characteristics, medical history, laboratory results, patient beliefs about statins, adverse effects, and willingness for change. Patient surveys were administered via an iPad before being seen in the clinic. These surveys included questions on beliefs about statins, adverse effects, and willingness for change. Symptoms were assessed in patients ≤75 and >75 years, within subgroups of patients currently receiving statin therapy or specifically receiving highintensity statin therapy and those previously receiving statin therapy who had since stopped therapy (Table S1 ). Missing data were infrequent, except for the income variable. For multivariable modeling, missing values of
Clinical Perspective
What Is New?
• Since the release of the 2013 American College of Cardiology/American Heart Association guideline, older patients (>75 years old) with atherosclerotic cardiovascular disease were less likely than their younger counterparts to receive high-intensity statins.
• Among primary prevention patients, statin use was similar among older and younger patients.
• Statins were similarly tolerated between older and younger patients.
What Are the Clinical Implications?
• Treatment differences between high-risk older and younger patients with atherosclerotic cardiovascular disease may represent a therapeutic opportunity for improvement and highlight the importance of future randomized controlled trials evaluating high-intensity statin use in older adults for secondary prevention.
continuous variables were imputed using the median, and missing values of categorical variables were imputed to the most common value. Missing/do not know/prefer not to answer responses for the income variable were imputed to the 2014 median census household income on the basis of the patient residence zip code or the enrolling site zip code if the patient zip code was missing.
Statistical Analysis
Overall and by subgroups, we described patient characteristics of the study population by age group (>75 versus ≤75 years) using frequencies with percentages for categorical variables and medians with interquartile range for continuous variables.
For categorical variables, we tested for differences between age groups using v 2 tests when the cell number was ≥5 and Fisher's exact tests when the cell number was <5. We used Kruskal-Wallis tests for continuous variables.
We then estimated the unadjusted and adjusted association between age and outcomes (statin and high-intensity statin use) using logistic regression models overall and by subgroups of primary and secondary prevention. In the unadjusted model, age was the only independent variable. Prespecified clinically relevant variables possibly associated with statin use were included in the multivariable model to control for potential confounding, and they were retained in the models regardless of statistical significance. In the adjusted (multivariable) model, independent variables included age and covariates (sex, race, ASCVD, including myocardial infarction, coronary artery disease, coronary artery bypass grafting, percutaneous coronary intervention, stroke/ transient ischemic attack, abdominal aortic aneurysm, peripheral arterial disease, carotid artery stenosis, noncoronary arterial revascularization, diabetes mellitus, heart failure, chronic kidney disease, smoking, body mass index, insurance status by type, annual income, and whether the patient saw a cardiologist). For primary prevention, the models did not include history of ASCVD. We reported the estimated odds ratios (ORs) and 95% confidence intervals (CIs). We used a 2-tailed a=0.05 to establish statistical significance of all tests. All analyses were performed using SAS, version 9.4 (SAS Institute, Inc, Cary, NC).
Results
A total of 6717 patients (n=3425 with clinical ASCVD) had an indication for statin therapy, including 1704 (25%) >75 years. The baseline characteristics of older adults differed from younger adults in the PALM registry ( (Figure 2 ). Yet, older adults with prior ASCVD had a trend toward lower ORs of overall statin use (OR, 0.81; 95% CI, 0.66-1.01; P=0.06) and were less likely to be treated with a high-intensity statin (OR, 0.54; 95% CI, 0.45-0.65; P=0.0001).
Patient-reported symptoms while receiving statins, statin discontinuation rates, and reasons for discontinuation were analyzed by age group ( Table 2 ). The prevalence of prior statin discontinuation was similar among older versus younger adults (11.4% for those >75 versus 9.8% for those ≤75 years; P=0.09). Adverse effects were also noted as a reason for stopping at similar rates in older versus younger individuals (58.0% versus 53.4%; P=0.35). Among adults currently receiving a statin, older patients were actually less likely to report experiencing any adverse symptoms (41.3% versus 46.6%; P=0.003) or myalgias specifically (27.3% versus 33.3%; P<0.001). These trends were similar among older versus younger patients who were taking a high-intensity statin.
Discussion
Patients >75 years have been poorly represented in large primary and secondary ASCVD prevention statin trials. Consequently, the ACC/AHA and more recent US Preventive Services Task Force guidelines do not recommend statins for primary prevention in older adults, although the former allows for risk Insurance: "other" includes all answers that are not "no," "private," "Medicare," or "Medicaid." ‡ Income: excludes "I do not know" and "prefer not to answer" from denominator. Income is based on self-report; when missing, we used zip code-based median income for modeling. whether physicians are extrapolating treatment algorithms used for their younger patients and applying these algorithms to their older patients, particularly for primary prevention. In the setting of primary prevention, older and younger patients had a similar likelihood of receiving statin therapy, including highintensity statin therapy. Nonetheless, in secondary prevention, physicians appeared to follow the ACC/AHA guidelines and prescribed lower-dose statins in older individuals with ASCVD. Finally, relative to younger patients, we found that older individuals treated with any or high-intensity statins specifically had similar likelihoods of having adverse symptoms as their similarly treated younger peers. Although the absolute risk of cardiovascular disease increases with advancing age, prior studies have demonstrated that older adults were less likely to be treated with statins than their younger counterparts. 15, 16 Older adults in the PALM registry represent a high-risk population, with higher rates of ASCVD than younger patients, and had a higher prevalence of being treated with statins, particularly moderate-intensity statins. Older adults in the lower-risk primary prevention cohort were equally likely to be treated with any statin or a high-intensity statin for primary prevention. Conversely, higher-risk older adults with a history of ASCVD were less likely than their younger counterparts to be treated with statins overall or with high-intensity statin therapy. The treatment difference in high-intensity statin use among patients with known ASCVD was particularly striking, and older patients more frequently received moderateintensity statin therapy, which suggests that clinicians have been applying the most recent ACC/AHA guideline recommendation for moderate-intensity statins to older patients with an ASCVD history. 1 Other factors affecting access to statins may also affect statin use, such as lower income, varying insurance coverage, competing illnesses and comorbidities, and higher likelihood of being homebound, although differences in high-intensity statin use persisted even after correction for heart failure, income, and insurance status. Differences in type of ASCVD between older and younger populations may also contribute to differences in statin treatment patterns, with younger populations more frequently having a history of myocardial infarction or percutaneous coronary intervention, which may be more likely to prompt Figure 2 . Adjusted association between age (>75 vs ≤75 years) and statin use. For overall and secondary prevention, model adjusted for sex, race, atherosclerotic cardiovascular disease (including myocardial infarction, coronary artery disease, coronary artery bypass grafting, percutaneous coronary intervention, stroke, abdominal aortic aneurysm, peripheral arterial disease, carotid artery stenosis, noncoronary arterial revascularization, and prior transient ischemic attack), diabetes mellitus, heart failure, chronic kidney disease (CKD), smoking, body mass index (BMI), insurance, income, and whether the patient saw a cardiologist. For primary prevention, model adjusted for sex, race, diabetes mellitus, heart failure, CKD, smoking, BMI, insurance, income, and whether the patient saw a cardiologist. CI indicates confidence interval.
high-intensity statin use than other forms of ASCVD. Among very old patients, limited life expectancy may lead to joint decisions between the patient and provider to lower statin intensity or discontinue therapy entirely. Despite their high risk of ASCVD, the evidence for primary prevention statin therapy and high-intensity statin therapy in secondary prevention in older adults is incomplete. 4, 5, 17, 18 Clinical trial data suggest a clinical benefit of moderateintensity statins in those aged ≥75 years when used for secondary prevention, and prior observational studies have demonstrated a significant risk reduction gleaned from statin therapy in this population. 11, 15, 16, 19 Similarly, a recent observational study suggests a significant survival advantage exists among older adults with ASCVD treated with high-versus moderate-intensity statins, amplified at maximal doses of highintensity statins. 20 On the other hand, a recent post hoc analysis from the ALLHAT-LLT (Antihypertensive and LipidLowering Treatment to Prevent Heart Attack Trial) found a signal (P=0.07) for possible increased all-cause mortality among older adults treated with statins. 7 These findings highlight the necessity for clinical trials to evaluate the efficacy and safety of statin therapy, including high-intensity therapy, for both primary and secondary prevention of cardiovascular disease, specifically in older adults. One such example is the ongoing STAREE (Statin Therapy for Reducing Events in the Elderly) trial (NCT02099123). This trial is randomizing older adults (≥70 years) without prior ASCVD to high-intensity statin therapy with atorvastatin 80 mg or placebo, and it features several relevant geriatric end points, including measures of cognitive function, disability, frailty, and quality of life. Although some cite adverse effect risk as a potential cause for statin underuse in older populations, we observed similar Data are presented as number (percentage), with the percentage generated as a percentage of the number of patients in that particular age (≤75 vs >75 years old) and statin treatment status subgroup (currently receiving a statin, currently receiving a high-intensity statin, previously receiving a statin, or never receiving a statin). All percentages were calculated as a percentage of nonmissing. *v 2 Tests were used when the cell number was ≥5. Fisher's exact tests were used when the cell number was <5.
rates of reported statin symptoms in older versus younger patients. In fact, older adults currently receiving statins were less likely to report symptoms than younger adults. These findings are significant, particularly given the perceived increased risk of statin adverse effects in older adults that is prevalent in the literature, despite prior studies suggesting otherwise 1, 6, [21] [22] [23] [24] ; whether providers hold similar beliefs about statins deserves further exploration. This study captures a large number of outpatient older adults from 138 different sites, representing a highly generalizable cohort that is likely representative of the larger US population. In addition, this is the first study to characterize statin treatment patterns among older adults since the release of the 2013 ACC/AHA guideline, as well as the first study to capture patient-related perceptions and beliefs about statins (both of which are important contributions to cardiology and geriatrics literature). Despite these strengths, our study had some limitations. First, we were unable to capture specific clinician perceptions and beliefs that may have influenced treatment patterns; this information would have provided a more comprehensive understanding of the forces influencing statin use in older adults. Second, recall bias may affect the ability of older individuals to remember an adverse effect, because of age-related cognitive changes. Third, individuals currently receiving a statin are less likely to have had a prior adverse effect, which may lead to selection bias. Fourth, it was impossible to determine whether symptoms described by patients were directly attributable to statin therapy, and it is unlikely that reported symptoms were all directly attributed to statin use. Fifth, for the primary prevention subgroup, we estimated ASCVD risk with the pooled cohort equation, which is meant for use in patients 40 to 79 years old. As a result, this method may not have accurately estimated ASCVD risk in patients ≥80 years old. Sixth, we did not collect information on the timing of initiation or duration of statin therapy. Finally, we did not capture detailed information on geriatric impairments and frailty that may play a role in therapeutic decision making in the older adult population.
In conclusion, older and younger patients in the PALM registry were similarly likely to receive statins for primary prevention; however, older individuals less frequently received statin therapy and, in particular, high-intensity statin therapy for secondary prevention. Statins were similarly tolerated in older and younger adults. Future clinical trials are needed to more definitively identify the proper statin treatment approach in older patients.
